Ol 143035 , .w“ ; - :
T | E75 10196

%M//

IDENTIFICATION OF PHENOLOGICAL STAGES AND VEGETATIVE TYPES FOR

LAND USE CLASSIFICATION

*Made avallable under NASA sponsorship
M the interest of sarly and wide dis-
smination of Earth Resources Survey
Program iniarmation and without liauility
for any use made thereor”

Jay D. McKendriek, Peter C. Scorup, ‘William W. Mitchell,
and C. Ivan Branton

nstitute of Agricultural Sciences
University of Alaska
Palmer, Alaska 99645

) Crlin
* Origina! phatography may be purchased froms
ERDS Data Cepler
10th and Uuioia Avenue
Sioux falls, SD 57198

July 26, 1974 '
Final Report, Contract NAS5~21833

ERTS Project 110-2 S, o mmm ﬁﬁﬁ&!ﬁ
. | eoA0E %&iﬁ%‘i’&%ﬂﬁ%

: /110 A

Prepared for:

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Goddard Space Flight Center

Greenbelt, Maryland 20771

RECEIVED
APR 14 1975

Bt v, -
Reproducad by

NATIONAL TECHNICAL
INFORMATION SERVICE

US Doparment of Commaerce
e Spr_ingﬁa_ld_._r\(A._ 2213



DL S

TECHNICAL REPORT STANDARD TITLE PAGE

T Repart Ho. 2. Govesnment Aceession No, . J. Recipient's Coml-o.;;lo‘ :

T’Tlﬂe enfnhﬂe | 5. Report Dote
Identification of Phenological Stages & i
Vegetative Types for Land Use Classification | 6 Performing Orgonization Code

Technical Monitor: Mr. Edward €. Crump, Code 43

15. Supplementary Nates

One of 12 ERTS-1 projects conducted by the University of Alaska
ERTS-1 project, GSFC No. 110-2.

Principal Investigator, GSFC ID No. UN 641

.

|ner (MSS) digital data for the Homer, Palmer, Petersville and Bonanza

' drauce.

16, Abstroct

- Project objectives were to map vegetation types ‘and observe pheno- -
logical changes in vegetation. Phenclogical events could not be moni-
tored due to the infrequency of coverage during the growing season and
cloud-free scenes of the test areas. Vegetation types were mapped at
accuracies of 667-997+ by automated processing of multispectral scan-

Creek Forest areas. Map scales ranged from approximately 1:18,800 to
1:500,000. Relating ground truth directly to digital data, refining
MSS signatures and color digital printing were three essential tech-
niques. Statistically analyzing MSS signatures to determine adequate
training set sizes and for signature refinement greatly improved the
validity of automated classification. WMSS signature extrapolation
proved unsuccessful for distances as great as 100 miles. Costs of
false-color and color-~coded thematlc maps from digital data ranged
between $2.20 and $2.60 per mi2, Once analytical techniques were
established, data handling via the U.s. ma1l was the most serious hin-

1. Aulho:(s) Jay D. McKendrick, Peter C. Scorup, 8. Performing Orgonizotion Repord No. |
‘Wm. W. Mitchell & C. Ivan Branton ; :
9. Performing Qrgonizotion Name ond Address , 10. Work Unit Na.
. Institute of Agricultural Sciences b é' e
i . . Lontract or Gront No.
priversity of Alaska - | NAS5-21833, Task 110-B
Pal Alasl 99645 : ‘ 13. Type of Report and Peri_ad Covered
[FA Sponsering Agency Mome ond Address - { Type III-Final Report
NATIONAL AERONAUTICS & SPACE ADMINISTRATION . July 1972-May (w/ extend
Goddard Space Flight Center . sion) 1974
Greenbelt, Maryland 20771 : 14. Spoasofing Agency Code.

17. Key Words (5 lected by Author(s)) . 7 18. Distribution Statement
ERTS ' ’
Remote Sensing
Alaska

Environment
. Resgurces

9. Security Classil. {of this leponl 20 Security Clossil. {of this pogel} 21. No. of Pages |22, Price®
Unclassified , Unclassified - YN I e A ul

- RICES SUBJ ECT T@ L



iii
PkﬁFACE
' _'Project'objectives_ﬁere to map vegeﬁation tyﬁes and pbsetve phéﬁolo-..
_‘gical_changes of vegetation from ERTS dafa, thus establishing reliable
;criteria for land use planning in Alaska.rrThe écépe of this work entailed:
selecﬁing data format that would yield the mbét useful informatibﬁ; corre-
lating_findings from ERTS with ground truth informationg extracting, analyz- |
ing and refining multispectral scanner (MSS) signatures; establishing analy-
tical_techniqués; and pfodﬁcing useful "hard copy" pfcducts. |
ERTS data was successfully used to produce vegetation maps in Alaska.
Althoﬁgh visual products were useful in mapping vegetatian, far moré |
accurate and highly detailed information was obtained through automated
.proﬁessing of MSS digital data. Vegetation was economically mapped at
various scales ranging from 1:18,000 to 1:500,000; Costs for producing
false color and color-coded digital thematic maps averaged $2;50 per square
mile., These products are of significant value ;o Alaskan users as such
quality défa is lacking for most of the state., The project was unable to
ﬁonitor phenological events due to: infrequency of coverage during the
growing sedson and prevalent cloudy conditioﬁs during,criticélrperiods.-
The greatest deficiency of ERTS lies in the data handling syétem;
the data.fcr an ERTS scene are collected during a 28-second period yet it
may take half a year for the ﬁrocessed data to reach the hands of the users.
'A Bignificant improvement for the Alaska sysfem would be to acquire suf-
ficient equipment to produce full color."hard.copies“ of processed computer
-compatihie tape (CCT) data. .
Investigators need to take a ﬁore active part in narfowing the gap
between regéarch and applicatioﬁ by promoting the use of ERTS to potential

users. Potential Alaska users have been reluctant to apply ERTS~1 data in

solving land use and vegetation rescurce inventory problems.
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A color-coded geometrically~corrected vegetation map (for
about 500 square miles) produced from computer classified

 MSS CCT data (ERTS-1 scene 1390-20452) for the Homer, Alaska

area. Yellow = alder/grass; green (confused with black in

 reproduction) = coniferous forest; purple =-wetlands; blue =

7.
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13. A geometrically-uncorrected computer-classified vegetation map
from ERTS-1 MSS CCT data. This 500 square mile area is in the
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- INTRODUCTION

Alaské's vastness is almost incompfehéﬁsibie.torpéople who have not
travelled its length and brea&th. Figure 1 is an illustration of the relative
size of Alaska and the counterminous states. Tﬁe shape of the state with its
panhandle extending to the southeast over 500 miles and the AleutianVChain
extending westward into the Pacific over 1,000 miles coﬁplicatés communica-
tion, transportation, and resoutce management-problems for Alaska.

Currently Alaska is undergoing radical changeé in its land ownership

patterns (Figure 2). The once all federal territory, upon becoming the 49th
.state inherited ﬁhe ﬁrivilege of éelecting lands for state ownership. Even
more recently the Native Land Claims Settlement Act permitted the several
Alaskan native corporations to choose lands for their private ownership;.-

Developing Alaska petroleum reserves in the Arctic at a time when the
consuming public was facing the dilemma of concern for environmental issues
and oil shortages has also focused considgrable attention on Alaskan land.
resources.

The Joint Federal-State Land Use Planming Commission'fof Alaska was
-organized to help the various interest groups acquire the needed information
to insure wise use of the land resources in the state.

The demands for vegetation and other regoﬁrce data associlated with the
aforementioned events has been inadequately served because the state of
Alaska is largely uninventoried. Furthermore, the time-frame of such demands
precludesacquiriﬁg such data by conventional means. Thus, satellite sensing
appeared to have great promise for meeting critical vegetation resource
inventory needs in Alaska (Branton and Mitchell, 1972).

This project was developed to apply ERTS-l sensing technelogy to the

" mapping of natural vegetation types and to the cbserving of "green wave"
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pﬁénoﬁeﬁon:(ﬁegefation phenology) . mThree Alaska'test areas were seleétgd
in southcentral Alaska: the Kenai ?eninsula, fhé Mat;nuska Valley and the
Susitné Valley.' Both of the objectives related'directly to identifying and
locating lands suitable for agricultural devglopment.

During the development of the program it became obvious that in order
to accurately measure phenologicél changes, frequent coverage was neéded;
Periodic cloud cover interfered seriously with the phenological observations
so that objective was abandoned (see appendi# A). Spectral signatures did
differ with times of the year; however, we could not determine if gtmos-
pheric conditions and/or seasonal changes in vegetation were causing those
differences, |

In mapping vegetation types from aircrafﬁ imagery we discovered there
was inconsistency émong interpreters using visual methods. This resulted
primarily from having to decide where to draw type lines. That is a sub-
jective proégss and can be "correct" at several locgﬁioné along continuum
gradients. Sharp ecotones presented no particular problem except where areas
h#d to be mapped as complexes because types were intermixed.

We reasoned that such mapping inconsistencies coulﬂ only reduce the J
reliability of ERTS-acquired data. Upon considering the number of individuals
needed to visually interpret and manuallylmap just the vegetation for.Aléska
and the probable maés of data being secured by ERTS-1 on the world-wide
scale, it appeared that computer analysis was the only practical approach.
Therefore, the emphasis of this project has been to rely on controlled.
automated‘processing to handle the bulk of the data. Manual interpretation
wasg used only in locating and defining training set; and refining MSS
{(multispectral scanner) signatures. We recognized certain misclassifications
'by the computer, and in most Instances those were quite obvious; however,

such errors could be corrected before publishing final versions of .maps.



Chronology Approach

Althéugh tﬁé project was initiéted in.Jﬁlyvof‘IQTZ oﬁr firsf efforts
to analyze ERTS imagery were delaye& until early winter 1972 when we received
the_firét clear imagery from two of our test areas (the Matanuska ?alley
scene 1049-20505 and Susitna Valley scene 1033-21020). Preliminary_atteﬁpts
at visual interpretation were by the color.additive process using the 3M
color key overlays. Although cerﬁain patterné in the vegetation could be
recognized, satisfactory maps at scales large encugh to meet our objectives
could not be constructed.

The next attempt to analyze imagery was to use dénsity slicing. Bands
6 and 7 proved to be the mést easily sliced; however, there were prqbléms.
First, density slicing could be applied to only onerMSS band at a time, and
that incorporated severe errors in ecotone delineations becauée all ecotones
in the natural vegetation did not correspond to tonal séparation in the
imagery (i.e. density boundaries). For example,_the boundary (ecotone)
between a grassland-shrub-type vegetation.an& thé mixed forest in the vicinity
of Goose Bay along Cook Inlet appeared only in band 5. Héﬁever, the ecotones
" between the mixed fofest and either deciduous or coniferous forest types

were obscured in band 5 and visible only in band 7.

By using the colo; additive viewer and bands 4, 5 and 7 we began to
recognize a liﬁited, but relatively useful amount of association between
colors and vegetation types. Either projecting fO mm imagery on the color
additive viewer or photegraphically enlérging the imagery through color
printing made little difference as far as resolution was concerned. Relating
the ERTIS data to specific ground truth was a serious problem. Natural vege-
tation types were usually intermixed and finding sufficiently large homo-

. geneous training sets in our test areas for assoclating colors with vegetation
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. _.. proved diffiqult. F#rthermore, once these color—vegetéticu associations
wgrerdetermined in training séts we could mever bémgu:e_that‘human judge—
ment was consistent for portioﬁs of;fhe ERTS scene some distance from the
tfaininé set, Thus, interpreting vegetation types in ﬁnfamiliar afeas was
highly subjective and believed unreliable,

- It was obvious as more than one of us applied this visual interpretation
process that the number of map versions resulting‘waS“dfrectIy“reIated to
the number of interpreters., With such variations, mﬁp users wouid soon
learn to place little confidence in such maps.

In order to lncorporate interpretation consistency into maps prepéred
from ERTS data a more precise and less subjective method was needed. Thus,
computer processing of digital data was selected, since once trained, the
computer would consistently recognize MSS signatures. Furthermore, the
computer could work at the maximum resblution level, an impossibility for
human interpretation because of the large mass of data;-

Our first attempts with computer analysis were with portions of the
1049f20505 scene. Computer printer-plot listings were requested for each
MSS band.. These listings of intensities were then examined and MSS5 signa-

‘tures for various vegetation types were derived. The most difficult proﬁlem
was locating geographical points on the printer plots. Water bodies could
be most easily recognized because they had the lowest intensities in band 7.
By constructing transparent overlays which could be registered on each bhnd's

- printer plot, picels representing spectral reflectance inﬁensities were
identified in one band, marked on the overlaf'and identified relatively

" quickly on the other bands. However, we were still facing the problem of -
relatiné ground truth locations to areas on the printer plots where bodiés

of water were scarce. To further confuse us, the vertical and horizontal



-

‘ Béﬁlgs of the printer plots were not equal, and matching printer p;ots‘to'
air photos (ground fruth) was impdssible Qithoutksﬁécialized gquipment or
further computer processing.A.' 7 | | |

To overcome the above pfﬁblems, a Bausch.and Lomb Zoom Transfer Scope
(2TS) was purchased jointly by this Institute and the Joint Federal-State
Land Use Planning Commission with non-NASA funds.'-That instrument pérmitted
Wair photos to be optically superimposed on the p?inter plots. Thus for ﬁhe‘
first time (September 1973) since initiating.the project (July 1972) we
were able to precisely identify digital spectral signatures for various
physical features including vegetétion types.

The first signatures extracted wvia the ZTS includedrthe total range
of intensities found in each MSS band for selected training sets of vege-
tatibn typeé. Due to the heterogeneity among training sets many M55 signa-
tures overlapped with.eaéh—other and could nﬁt be used ﬁof-computer.élassi*
fication., We refined signatures and separated vegetation types by arbitrarily
dedugting equal portions from each end of the intensity ranges within MSS
bands. That procedure separated vegetation types buf also left much of the
area (about 50%) unclassified. Figure 3 shows reéuits of such a claséifi—
cation for an area near Houston, Alaska in the Matanuska-Susitna Valley area.
The black areas in the CDU display are unclassified picels. |

 Our next approach was to better define pure vegetation tyﬁes to reduce
heterogeneity. Trailning sets of 50 to 100 picels each were selected. Find-
ing those sometimes proved difficult due to the irregular nature of natural
véggtation boundaries. -

‘Frequency distributions for training set spectral intensity levels
wete.défermined by totalling the number of picels for each level withiﬁ
each MSS.band. That proved to be a most significant key to signature refine-

ment because we often found that the frequency of intensities for certain
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'signatures was not.ﬁofmally distributed ;bouﬁ the médian intensiﬁy. Thﬁs; :
:.when we had been arbltrarlly narrow1ng intenélty ranges while reflnlng 31g~
natures in the past, we were often unknowingly eliminating the most signiflcant
portions of certain signatures..

Bj détermining frequency distributions we were able to detérmine modal
inténsities, atrleast sﬁme of the conflicts among tybes, and predict aﬁto-
mafed classification accuracy percentages. Also-by calculating the variances
-within signatures we could estimate adequate sample sizes (picels needed per
training set) for given levels of confidence in classification. |

The technique providéd very éood automated classifications. And with . .
the aspect ratic and skew correction programs developed fo:‘us by Tom Wetmore
(ERTS-1 Project 110-1) we were able to produce classified printer plot maps
at the 1:18,800 scale with classification accuracies ranging from 66% to 99+%.

We displayed our first classification results of digital data'(September
1973) on the CDU-200 (color display unit) at Fairbanks. Maps (hard copies éf
useful. products) were drawn from photographs of those dlsplays Problems
in addition to signature refinement with that procedure were: (1) Not all
of the 512 x 512 (picels) area could be displayed at once on the CDU 200;
therefore, separate photographs were required for each variation of the dis-
pléy. Fven with that appro#ch the uppermost 32 scan lines could néver be
displayed due to the ins;rument's design. (2) There were two sources of
geometric distortion in the displays. The first could have been paftially
'correcgqﬁ by programming procedures., The second was due to the curvature
. of the CDU's screen surface, and that could not be corrected., |

Qur refined signature classifications weré then sent to the Dicomed
Corpofétion of‘Minneapolis, Minnesota for color-coded digital printing. The
resulting products were color transparencies which could be enlarged and

printed as thematic maps. By comparing those classified transparencies
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with digital false-color transparsncies of the ssﬁe areas usiné‘basds 4, 5
and 7, obviousrmisclassificatioﬁs could be readily'recognized; |

f Thus, by using computer asalysis to classify the mass of dats and csing
.human judgements only in areas where ‘it was obviously_needed, we develsped
arrelatively efficient procedure for mapping Alaskan vegetation types. Once
mapped this information can be_combinec with the'geﬁeral soil survey maps
(available from the Soil Conservation Sexvice)} and topographic mass {available
from the U.S. Gsological Survey) to select sites sossibly.suited to various

agricultural eaterprises.
RESULTS OF DATA PROCESSING TECHNIQUES

Three steps were necessary in order to accomplish our primary objectives
of utilizing ERTS data for vegetation mapping. First selecting the data format
to use which would yield the most useful information. Second, correlating ‘
ground cruth to the ERTS-1 dataj and third, producing useful "hard copy"
products.

Resolving those steps with respect to data format and equipment used was
s most significant finding in this study. With thst technoloéy available,
we were then capable of applying it in Alaska to provide crucially needed

information. Thus, our methodology is detailed below.

Selecting Data Format

As previously mentioned, our choicerof data format for mapping vegeta-
tion was.che computer compatible tapes {(CCT). Visual ERTS-1 products, 70 mm
transparencies and 9.5 inch black and white prints and transparencies were
used for quick look evaluations of scene usefulness for digital amalysis.
We designed a grid overlay for the 9.5 inch imagery so we could select CCT

reel number, scan line and picels for given localities.



Relating ERTS Digital Data to Ground Truth

For signature extraction the Bausch and‘Lémb Zoom Transfer Scépé pfofe@
to be a very valuable and cfiticallyAnéeded tool because it perhitted us to
optically register the NASA-supplied aircraft dafa (ground truth) withidigital

MSS daﬁa and to define vegetation ecotone and training set boundaries in the
digit#l data (Figure 4). For 512 x 5;2 (picel)  areas the refleqténce intgﬁ-
sities in the digital data wére'listed separatelj as 10's and integers because
only one numerical character could be‘pringgd'per picel.

In our first attempts, boundaries between all integérs were de}ineated
with colored mafking pens on the 10's listing for band 7. However, we dis-
covered that it was more efficient to delineate just thelzero's (reflectance
intensities less than 10). This simple procedure was sufficient to identify
bodiss of water needed to geogfaphically locate gfound truth areas aﬁd
accurately plot training sets.

Training sets of 50 to 100 picels each were selected within the boundaries
of vegetation types that had been previously delineated on c¢olor infrared
(1:40,000 scale) air photos. Training sets- were marked on transparent
‘plastic overlays that had been registered with the 10's and units listings
of unclagsified MSS data. Considerable care and judgemént was used-in locat-
ing biocks of vegetation of sufficient size and suitable uniformity for
adequate and truly %epresentative training sets. |

Topographic variations, and even subtle intermixing of vegetation typeé ~
introduced errors into the signatures. Experience indicated that the time
for "lumping" signatures was in the signature refinement stage and not in
thersignature extraction step.

Once training sets were located, relatively uniform samples from six

consecutive scan lines were drawn in order to balance the interscanner
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vériatiqns ﬁithin signatures.;'These sets were delineétea on fhe transpérént‘
overla?é_so tha£ those s;mé.picels qbuld be identified when fhe 6verlaf was
registereﬂ on printer-plots from éach of the four MSS bands. |

3 Printer-plot listings of units data corresponding with the respeétive
10's 1isting were registered over a light table such that the intensity fbr
each picel could be read. Then all picel inﬁensities within training sets
were counted fof each MSS band. | |

From statistical analysis of intensity variations we calculated adequate

samﬁle sizes needed to include'the mean intensity within a 2-level inﬁerval
at 99% prabability (Table 1). From these statistics, we found that: (1)
In most instances, 50 picels was an adequate sample, and in tﬁe most variable
types, lbO picels was a sufficient sample. (2) Band 6 was the most variable
of the 4 ERTS-1 bands; and (3) modal rather than median'intensities were
good estimates of population parameters because frequencies-were not always
distributed normally about the median intensity. |
| From those and similar data, signatures were refined by evaluéting
frequency distributions. of intensities., -I; instances wﬁere signatures were
compléetely confused in all bands (Table 2} the types were pooled and combined-

type signatures were calculated from the pooled data.
SIGNATURE REFINEMENT

Table 2 shows that by using frequency percentages in the digitallsigﬁa-
tures, ﬂerwere able to estimate classification accuracies -and refine.signa-'
tures for the automated classification system. For instance, suppose intensity
level‘é3 in band 4 was used to classify a "deciduous vepgetation" type other
than aider. From the training set data, we estimated that 147 of the alder
is "Alder 3" (Table 2) reflected intensity level 23 in band 4. Thus, by

using MSS band 4 level 23 for classifying a "deciduous vegetation" type we

*
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w;qld have includad about ;4%.of the alder. Haaever, auppoée infensipy l‘f
level 27 of band 4 were used to ciassify a "deciduqus vegetatioaf'type;:
From the-training.sét data we éstimafed that-Z% of tﬁe alde%‘in "Alder 3"
reflected'level 27 in band 4. Thus, by usiﬁg MSS band % intensity 1eve1'27“
to.classify a "deciduous vegetation” type we would have included about 2%
of‘the alder.

In the above example, the twa intensity 1evals were the MSS band 4
extremes far the "Alder 3" training set. Without knowing the frequency
diatribution for intensity level, we might have supposed, during signature
refinement, that the two levels (23 and 27) equally represented alder. ‘But
due to the skewed distribution of intensity levels, level 23 was 7 times
more important to the alder MSS signature than level 27. Therefore, by
using such frequency values while refining signatures,.we were able to know
not only where errofs were being introducad,_but also how.great those errors
were with fespect to automaﬁed data procesaing. |

From such data, classification accuracy tables were constructed for
each area in the study (see Study Area Results). These tables were relatively
reliable in evaluating signature validity hafore applying those 51gnatures in

the computer.

Producing Hard Copy

As pﬁntioned earlier our approach to obtaining useable hard copy evolved
through the photography of CDU-200 displays . at Fairbanks to the'Dicomedr'
Corporation's color digital printer. The latter teahniquelprovided the
superior products which are skew and aspect ratio corrected and can be either
used directly as 1:532,200 scale products or enlarged to the 1: 250 000 and
1:63,360 base map scales. Presumably the data could also be reduced to the

1:1,000, 000 and 1:2, 500 000 base maps, although we have not attempted that
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,prbcedu:e; The important poiat being that sucﬁia pfoduct_has great séale
ﬁersatilit&'épd can be easily and ‘quickly adépfed Eo.thelneedsrof numefégs
users. | | . a a

Some might argue that our digital processing is too sloﬁ compared to
some systems wherein there is closer man;machine interaction for signature
extraction. However, our-needs for hard copy necessitates such a pfocedure
and our experiences with such a system (CDU 200)-£ave been unsatisfactory
because: (l) the system has never operéted ﬁroperly since it was installed;
(2) we'were unable to superimpose smali ground truth areas accurately.on the
display, thus, the reliability of displayed data remained unknown; (3) there.
was no means of estimating classificétion accuracies and (4) photos from the
displays still had to be manually interpreted to produce hard copy. The
1attef step was unacceptable in our quest for reducing subjective judgement

exrrors.

Suggested Improvements

Probably the greatest hindrance to our data processing précedure was
‘in the areas of communication and data transfefrél {see Recommendations
section). Since our laboratory was located about 315 miles (via highway)
from the ERTS library and computer facility in Fairbanks, we wereroften
inconvenienced by_this arrangement. |

.The transferring of data and information during the processing of
‘imagery .and CCT data were shown in Figure 5. From actual -experienmce, it
took from 1.5 to 4.6 months for us to receive our completed hard copy.
However, only a few days were actually spent processing-and analyzing data.

The rest of the time was‘Spent "waiting for the mail."

Possible short cuts for the system would be in acquiring a color digital |

printer for producing hard copies 1oca11yi A second possibility would be
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to use local film processing faci;ities; & third possibiiity wbuldABerfo?
our Palmer-based group té ﬁtilize University 6f Alaska, Anphorage, copputgf
facilities. . | | o |

The only deterrent to the first suggestion is in aqquiring éapital for
" the invéstment. | | | |

With respect to local filﬁ processors' work, either we have.not been
satisfied with their quality or we never knew how long it would take to
complete an order or how much it would cost. Our only recourse has been
to utilize.the service of non-Alaskan commercialrlaboratories.

Upgrading present facilities and phasing toward estaElishmentlof a
permanent remote sensing facility in the Pélmer—Anchoraée area would seem
to be a reasonable improvement because approximately 567 of Alaska's poten-
tial ERTS users are located in the Anchorage-southéentral region (Table 3).
Programs developed by Geophysical Institute (Project 110-1) could be used
in other computer facilities, freeing théif own operafion.for furthér
research and development of new and better progréms—-a necessary shift if
ERTIS is to beﬁome operational in Alaska,. |

Nﬁw that we have some knowledge of how to work with ERTS-1 data, we
need to develop a closer wdrking association with potential user groups
(Table 3) for bridging the gap between research and application.

For example, in a recent communication (Huﬁchison, 197#£/) from the
U.S. Forest Service, they encouraged our continuing_this work. They com~
pared our results using ERTS-1 data with their conventional iaventory
ﬁethoﬁ and found black épruce (a non-commercial tree) was sometimes clas-
sified as white spruce (a commercial tree); therefore, they sﬁggested that

*

we attempt to better refine that distinction.

1/ Personal letter to the Institute of Agricultural Sciences, University
of Alaska. a
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" RESULTS FOR TEST AREAS

'  Eenai Peninsula

There has been considerable interest in tﬁe vegetation and othér nétural
resources on the Kenai Peninsula by various groups. Discoveries of nétural-
gas deposits have prompted rather.extensive seismic activity'oﬁ the lahd;.
and off-shore drilling has been contemplated for Kachemak Bay. For years,
fishing, wildlife, and recreational groups have exﬁressed great iﬁtérést'in
the Kenai resources. Members of the Joint Federal-State Land Use Planning
Commission recently expressed a desire for more detailed vegetation maps
showing-vegetation distributions and extents on tﬁerkenai National Moose
Range. Luﬁber and forestry interests also need maps showing the extent of
commercial forests. Sitka and white spruce as well as western and mountain
hemlock all occur in that region.

Récently ;he state of Alaska through the University of Alaskais Institute
of Agricultural Sciences established a branch research station on the Kenai
Peninsula.. The impetus for that development was to provide information that
would'aésist red meat production on the Kenai. There are natural gfasslands
on the Kenai which have potential for beef production. Such resources have
yet to be mapped, however. . ‘ |

Two 512 x 512 (picel) areas from CCT of écene 1390—20&52 (17 August
1973) were converfed to CDU-200 (Color Display Uﬁit) compatible tépes. One -
area included the Homér Spit, portions of Kachemak Bay and northward toward
‘the Caribdu Hills. The other area included portions of Tustumena Lake and
adjacent grasslands and forests.

Signatures were derived from both test areas and then during the

refinement step, a combined-signature was derived for types common to both
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aréés. Tables 4 and 5 éontain the refined signafuré§ fof khe_"Homéfﬂ‘and
"Tu#tumena" CDU areas, réépéctively; -  _ {;igf : R

Only three vegetation types could be distinguished in the CCT.data
near Homer, Alaska (Table 4). The grass type in that area included enOugh
alder stands to prevent us from extracting separate signatures for alder
and grass with éonfidence. 1t is important to note_that-separating the
vegetation types only into those three classes yielded significant informa-
tion. The wetlands are not suited to either farming or commercial forestry. -
Almost all coniferous forest stands in this area are of some commercial
value,’ Thé alder-grass~deciduous forest type is belieﬁed'to have domestic
livestock grazing potential. Among the four vegefation types, in the |
Tustumena area the power fo separate types was greater iﬁ the longer: wave-
lengths kbands 6 and 7), except for distinguishing between grass and the
alder~deciduous forest complex. Those two types were distinct only in
“pand 5 (Table 5). The silty water §f Tustumena Lake refleéfed much brightér
(Téble 5) than that in Kachemak Bay (Table 4). This difference in silty
water signatures presented problems in other study afeas. 'In band 6,.the'
alder—deciduous type near Tustumena Lake reflected intensities frém 34;49v
Yor this type near Homer, the reflectance in band 6 was 40-60. _gpparentiy;
that discrepancy resulted from the complexing of that vegetation‘tyfe-with
grass in the Homer area. Orass tended to reflect more ene?gy in band 6
than did the deciduous trees and shrub.

As mentioned earlier it was possible to estimate errors that.were
introduced during'signature refinement. These estimates were derived froﬁ'
' percentages of integsities that were common to two or more features in
training sets. These values were considered only as estimates since it
was obvious-that 100% classification accuracy was not possible coﬁéidering

regsolution levels of the data and transition zones between features.
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Therefore, a calcﬁlatéd accur&cylof IDOleould iﬁdicétg a-véry high5p¥o* E o o
babiiity_that that type was accurately classified, whilé;a calcul$t¢d , - ._‘ R
accqracy of 797 would indicate.a relatively lower ﬁfobability for classifi- |
cation accuracy. We believed accuracies of ?6% or better were acceptable .
and would result in products of value to Alaskan users. Also such accuracies
were likely greater and containe& more detail than most handfdrawn maps and
certainly much better than any existing vegetation claésifications.

Tables 6 and 7 contain the estimates of classification accuracies for
the Homer and Tustumena areas. The lower accuracies were found in the more
heterogeneous features, which waslreasonable considering those features con-
tained inclusions of other features which introduced variations into reflec-
tance values. In contrast, relatively homogeneous areas such as bodies of
water were probably classified more accurately.

The signatures that were used to produce the classified Dicomed print
(Figure 6) and a printer plot map (Figure 7) for the Kenai Peninsula-test
area are given in Table 8. These wére ref?ned and combined from the Hom;r_
.and Tustumena test areas.: Judging from thé increasing numbers of unclas-
sified picels occurring in the upper one-fourth of the thematic map (Figure 6)
the classifilcation accuracy (Taﬁle 9) of the wetland and conife?ous forest
signatures was lower in that locality. Some of the unclassified areas on
shore in the loﬁer portion of the test area were agricuitural fieldsran&

cultural developments (Figure 8). Unclassified areas just off shore in

Kachemak.- Bay were either due to wave action or reflectances from the bottom i

features in shallow water. It was of particular interest that the boat
harbor at the end of the Homer S5pit was correctly classified as water. A

low-angle oblique photo of that feature is shown in Figure 9.
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Matanuska Valley

The_Maéanuska Valley.is currently the agricultﬁfal‘centef for‘Alaska."
It is also rapidly becoming ; haven for subdiviéions spawned by.the mounting
_ demands for land from nearby-Anchorageaites who wish to escape ﬁhe city life.
Since those demands for land are great, there is understandably mﬁch interest
in the land resources of this Yaliey. The_busiqess center'for the 23;0007
square mile Matanuska-Susitna Borough is located in this valley which is
surrounded by relatively rugged mountains. -

There is also interest'iﬁ supplying house logs aﬁd dimensional lumber .

- for local and Oriental markets in the Matanuska Valley. Stands of cotton-i
wood, aspén and birch offer a great potential for a pulp.wood industry,
too.

Certain lower sl&pesrand high valleys bf the surrounding mountains
produce suitable range for domestic livestock. Numeroﬁs small brush fields
on the Yalley floor, resultiﬁg from forest clearing activities; produce
fine winter browse for moose. Lakes on ;he véllef floor‘attract visitors

“and home builders to the area. Thus, considering ﬁhe agricultural, forest,
wildlife and recreational interests, the valley is quite valuable to Alaska.
Thefe are no detafiled large scale vegétatidn maps presently available
~ for the Matanuska Valley. The 1:63,360 and 1:250,000 scale Spetzman map
‘data currently available from the Joint Federal-State Land Use Planning
Commission for Alaska are the beét available information; but we have |
found those data to be relatively gross for management and resource inven-—
tory purposes having an estimated 60% accuracy iﬁ the Maténuska-Susitna
Valley area.

Beforg the University of Alaska's-CDU—ZOO‘beéame partiaily operational

in the late autumn of 1973, we were confined to using visual interpretation
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techniques. By using the 9.5 inch transparencies of MSS bands 5 and 7
(scene 1390-20450) we constructed a 1:250,000 scale vegetation map via the
Zoom Transfer Scope for the lower portlon of the Matanuska Valley (Flgure 103).
This map and a Spetzman's (Figure 10b) map-from the Joint Federal-State Land
Use Planning Commission for Alaska were compared to aircraft ground truth
(Figure 10c). Classification accuracies were estimated By using a systematic
sampling grid and registering the aircraft (ground truth) map with the ERTS-
derived map and the Spetzman map indepéndently. Classification accuracies
were 81% and 62%, respectively, for the ERIS and Spetzman maps.

After the CDU-200 became available, 2 classified displays from MSS CCT
data écene 1049-20505 were phétographed with a 35 mm camera (Figure 3). Then
1:250,000 and‘1:63,360 scale mapé were prepared using the Zoom Transfer Scope
{Figure 11 and 12); The average classification accuracy for that data was |
estimated at 92%, using a data sampling grid. |

While examining these and other hand drawn maps it became apparent that

there were two major errors inherent in this technique:- (1) the subjective-
ness on'ﬁie'part'bf the-mappers in locéfing vegetation ecotones and (2) the
difficulty of hand drawing fine details such as in areas where natural vege-~
tation types intermingled. Both of those errors were.diminiéhed by usiﬁg
automated classificaticn of CCT data.

FPigure 13 is an uncorrected (geométriﬁally} color-coded classification
of MSS CCT data for a 512 x 512 picel area of the Matanuska Valley (scene |
1590—20450). Signatures for the features recognized in the CCT data are

~given in Table 10. |

The poorest classification accuracies were found in the rock, deciduous
forest, mixed forest and the combined alder and grain-field signatures; (Table
11). Variabilities in type purity and topography are probébly the major fac-

tors that weakened these signatures. Forexample, ina mixed forestsouthofPalmer
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:the presence of a higher¥£han;usual number of épfﬁce trees'éaﬁséd ;;few.
picéls tb be classed as scrubby spruce. _Thié would be éxpected-since the
inclusion of small patcﬁes of gpruﬁe in the mixed foreét stand ﬁould lover -
the intensity reflected in band 6 from the mixed forest signature fo the‘ |
gcrubbf sprucersignature but not enough to match the commercial spruce
signature, |

| In other inétances alder on north and northwest facing slopes was
shaded enough to change 1its signature to'that of the deciduous forest type.
Similarly shaded bare rock at times ﬁas misciassifiéd as sprﬁce;,

| From the practical viewpoint such errors were of lesser éonsequeﬁce to

our project because most of the vegetation reSoufces useful to agriculture
and forestry 6ccutred on the relatively level terrain of the valley floors.
.Also users having the corresponding false-color digital-prints from:unclasf
sified (Figure 14) CCT data available could easily spot 1qcations whgre
topographic influences might have induced classification errors.

Comparing digital color printing (Figgfe 14) tﬁ photdgtaphiﬁally enlarg;
.ing imagery for the same ERTS-1 scene (Figure 15) cleafly demonstrated the
superiority of the digital_data with respect to resolution and content of
.useful resource information.

Shadows in mountainous regions such as the Matanuska Valley-ﬁéy be
serious factors confronting users with.particular interésts in such localities.
(It is apparent that in order, to derive suitable signatureslfor programming,
the afEa-invblved must be evenly illuminated.) Therefore,'cautibﬁ.should
be the rule in promoting ERTS-derived vegetation maps regardless whether
manual or macﬁine processing was used in producing such maps. |

The 1973 CCT data from ERTS-1 were of better quality than the.19?2
‘data according to the quality of false—color'digital prints using bandS‘ﬁ,

5 and 7 (Figure 14 vs. Figure 17).
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| A‘faise—éolor digifél print of thé'Ancﬂ;ragé;Eéglé River vicinity

showed clearly the contrast between cultural’devélopmentS"and the‘naturéi
vegetétion (Figure 16). The urban as well as‘military installations appeared
as light-blue areas in the reddish matrix bn the Anchorage beﬁch land between
Cook Inlet and the Chugach Mountains. | |

- ‘Maps were alsoc constructed at the 1:18,800 scales (Figure 18). Those
maps were pfodﬁced by the IBM 360/40 printer. 1In order for them to ﬁe use-
ful to agency people, they must have: (1) township and range lines added and"
{(2) type boundaries transferred to a better quality base; i.e. either a trans-
parent or frosted plastic base material. Color-coded thematic maps are much

easier to read than maps with symbols such as that in Figure 18.

Susitna Valley

'The Susitna Valley lies between Cook Inleﬁ and the Alaska Range. If
all major tributaries are included, this is fhe largest valley iﬁ south—
" central Alaska. At least 8,800 square miles (Hegg, 1970) are included in
this valley which includes éhe entire northern portibn of the Cook Inlet
‘Basin. .The Susitna Valley is lafgeiy state owned and coﬁtains much area
having potential for development of agriculture, forestry and other renewable
resource uses. Due to its close proximity to nearly 1/3 of Alaska's hﬁman
population (Anchorage), development is inevitable.

The Alaska Railroad and Anchorage—Fairbaqks highway essentially parallel
each other along the eastern side'of this valley. There are a few settle-
ments along these’ routes; howevef, most of the valley is accessible only by
aircraft.

Coal and natural gas are fossil fuels known to‘be'available in porﬁions
of the valléy. Mineral rescurces are also present. Trappers and hunting-

guides have developed camps and homesites in many remote locations of the

valley.
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Since the area will surely be developed, ‘resourcerdata-;fe needed if'
- prudent planning is to be used prior to such developmental processes.:

| The first useable ERTS-1 1magery that we received (late October 1972)
was acquired for the Susitna Valley 25 August 1972. A 512'x'51% (plcel)
area of that scene wés analyzed from the CCT data. Signatures oﬁ this Scene
were used to compare sigﬁature validities for givenrvégetation types over
distance (discussed in next section).

White spruce test areas large enough for signature extraction wefe
not found in the ground truth data; therefore no spruce signatures were
extracted (Table 12). 1In fact, finding test areas of scrubby spruce was
somewhat difficult in the aircraft data transect, which extended west from
near Talkeetna to the lower reaches of thé mountains beyond Petersville. '

Even with the aforementioned limitations iq locatiﬁg suitable training
sets, the refined signatures we acquired were of significaht value to map-.
ping the vegetation of this_region. The accuracy estimates for identifiabie
signatures were at least 70% or beﬁter (Table 13). Considering the present
lack of vegetation maps for this area and the pending need for such, further
application of ERTS data would appear beneficial.

Two color digital prints (Figurg 19 and Figure 20) were made from CCT
data. The false-color print (Figure 19) includes the western portioﬁ of
‘the Peters Creek aircraft data transect in the Susitna Valley. The éoior-
coded thematic map (Figure 20) includes the identical area of ?igure 19 and-

was produced by using the signatures in Table 12,

Bonanza Creek Forest

On 25 August 1972, when the Susitna Valley data were collected, a
partially clear scene was obtained for the Bonanza Creek vicinity near

Fairbanks. Since another Alaskan ERTS-1 investigator (James H. Anderson,
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,Project 110-3) ~visually 1nterpreted and mapped vegetatlon from the Bonanza

Creek imagery we were encouraged to compare our CCT results to hlS hand

L~ . —— -
et e b e s -

drawn maps.' In addltlon, we were anxiOus to evaluate the extrapolation
validity of digital signatures for vegetation types in that scene to 51gna;
tures of like types in the Susitna Valley test area. fhe Snsitna Va;iey‘
test site was approximately 175 miles south and 75 miles west of the"Bonanza
Creek test area.

The Bonanza Creek area representa interior Alaska with the influence
of a.continental climate having.greater temporate extremes than that of the
Susitna‘Valley. The Susitna Valley iying betweenKthe Alaska Mountain Range_
and Cook Inlet is nore strongly influenced by the mountains and the coastal
climate. Areas of the interior are often underLain by permafrost”while |
those of southcentral coastal regions are permafrost-free except at high
elevations. Certain plant species are common to both 1oeations, auch as
. white spruce, paper birch, aspen, and cottonwood. However, the vegetation
of all communitiee is not identical in both localities.

Six vegetation types were.recognizable (Table 14) in the CCT‘data for
the Bonanza Creek scene (1033-21011). We found that distingnishing between
commercial spruce and scrubby spruce stands was easier tnan distinguishing
between commercial spruce and clear water in the MSS digital data. Apparently,
the relative openness of the scrub-type permitted deciduous vegetation to
develop. Thus, the scrubby spruce vegetation had the same MSS signature as
the mixed forest, which was distinct from that for pure stands of snruce.
in the 1033-21011‘acene, MSS sipnatures for cottonwood overlapped that for
aspen and birch. Along the edges of birch and aspen stands, that type was
miselassified as cottonwood (Figure 21).

Minimum classification accuracies of the MSS signatures in the CCT data

ranged between 66% and 97% (Table 15). A color-coded thematic map produced
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;§ the‘D—47 printer (Figure 21) and a 1:18,800 scale printéf-plot maﬁlpro*
duced by the IBM 360/40 were ekamined;,both compared quite well'with_airf
érgft ground truth (Figure 225;‘ In an.independent compariéon of tﬁis
classification with a timber-type map produced cqnﬁentidnally from 1962
aircraft data and ground observation, we discovered a rather remarkable
similarity (Figure 23a and 23b) which was fufther emphasized when we com-
pared the ERTS-1 data to aerial photography acqﬁired in 1972 (Figure 23c).
In comparing the use of CCT data and imagery it was obvious that:
l(l) The visual inte;preter subdivided the mixed forest types from wetlands
(presumably scrub) and we were unable to clearly separate these CCT signa-
tures. This was parficularly noticeable in the Tanana Riverrflats region.
(2) The boundaries of both c¢lassifications did not coincide with eéch‘other.-
. This was expected since deliheating boundaries in natural vegetation typeé
having broad ecotones is a Subjective process. (3) The CCT data presénted 
greater detail than could be drawn and 1abelledlby hand. (4) The hand-
drawn classification from visual products showed spruce types in areas that
the computér cléssifieq as mixed forest. .Thé comnputer classifiéation'signa-
tures were quite strict in defining pure spruce because we had been c#refﬁl
 to exclude scrubby spruce in order to locate commercial spruce stands with
confidence, _
The false~color digital print of bands 4, 5 and 7 (Figure 24) showsu

greatgr'détail of cultural feétures than was apparent in the Elassified
data (Figure 21). Such features as the Anchorage~FairbanFs highway, the

Alaska éailroad, the Healy-Fairbanks power line right-of-way and farm roads
(upper right corner of Figure 24) are quite obvious in the false color data
and obséured in the 9.5 inch imagery'and the coler-coded vegetation map
prepared from CCT data.

Considering the two data interpretation processes and the two digital

data presentations, it was obvious that the false color and color-coded
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.tﬁéﬁatiq_ﬁaps were more_easily interpreted and coﬁveyed more detailed infor- ‘
mﬁtion'than either the 9.5 inch color imagerf ar the #isual interprététions
of enlargements from that imagéry..' o

Signatures between the Bonanza Creek scene and tﬁe Susitna Valley scene
in the 1033 orbit were compared. Those signatﬁres compared rather poorly
(Table 16). If the Bonanza Creek signatures were applied to the Susitna
Valley area, the best classification that could He expected was 67Z in the
scrubby spruce (a mixed forest type). Nome of the Tanana River (Bonanza
Creek scene) silty water signature would have classified siity,water in the
stream flowing from the Tokositnma Glacier in the Susitna Valley. On the
average this signature extrapolation was calculéted to have maximum and
minimum accuracies of 297 and 13%, respectively. |

Reversing the above extfﬁpolation procedure and applying the Susitna
Valley signatures to Bonanza Creek vicinity, would have produced a relatively
better classification (Table 17). However, that result was still judged
inadequaté because tﬁe overall classification was only 40-437%7 accurate.
-Even théugh the Susitna Valley wetland sigﬁature would have includéd an
éstimated 100% of the Bonanza Creek wetlands, the Susitna Valley wetlands
.signature would probably error in the Bonanza Creek region by including
non-wetland vegetation types with the wetlands at Bonanza Creek,

We ao not knoﬁ if atmospheric conditions and/or subtle phenological
differences were responsible'for the signature_discrepaucy between the two
locations. However, we do know that silty water signatures varied greatiy
even within a 512 x 512 picel region in other test areas sc that difference
here was expected. This factor was apparently.dug to variations in silt
gource and stream loads, since sediment loads and chlorophyll contents
" (algal blooms) have been measured in ERTS-1 water signatures (Greenwood,

1974). We rather fortuitously photographed in color portions of the Susitna
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Valley”apd interior Alaska from a commercial airliner én the day of.the 
-1033 orbit. Judging from those photos, .there was little if any.visible
difference in vegetation aspect between the two locafions'due.tolauﬁumn  ‘
color development in foliage (Figure 25 and 26) . |

From these experiences, we have concluded that caution should be exer-
cised in extrapolating MSS signatures over great distances in Alaska eveﬁ
when the data were collected within a short time frame.

This limitation intreoduces an uncertainéy that will have significant
impact on: (1) the usefulness of ERTS data ﬁhere ground truth is limited.
and (2) the cost of data analysis since more ground truth may be needed
than ﬁreviouély estimated; ground truth acquisition can be a substantial

cost item in data analysis expenditures (McKendrick, 1973).

NEW TECHNOLOGY
. See results section.
CONCLUSIONS -

-We have found that ERTS-1 type data can be succésséﬁiiy used to préduce
vegetation maps for Alaskan locations. Thesé mﬁps are most accurate aﬁd'
highly detailed when prepared from fhe CCT data; |

Aiso greater detail is present in "raw" CCT data when electronically
enlarged than is present in the 9.5 inch imagery. These "raw" data when
presented as false~color images using MSS bands 4, 5 and 7 can be inter-
preted by local users once those users are trained to recognize color-
feature reiationships. However, when such products.are produced in com-
bination with the color-coded thematic maps by coﬁputer analysis of digital

" gignatures, even greater benefits result.
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These présentatibns:have signifiéant value to local Alaskan usérs,
since such a quality of data isrnonﬁexistent for most.of.Alaska. ﬁe have
learned from experience that some potential users were reluctant to use
EBIS—dérived products until they personally viewed our large scale maps
(1:18,000 and 1:63,360). |

We believe there were three reasons for that reluctance: (1) Most
people are ﬁnsure of new technology and since the on-the-ground user in
‘most agencies have limited funds with which to operate, they fear risking
such funds or they havé no funds allotted for supporting such work. (2)
Some of the most publicized results from ERTS were based oﬁ rather tentative
conclusions which later proved to be somewhat over optimistic. This intro-
duced skepticisms that have been difficult to overcome. (3) Many potential
users'of vegetation maps have séen only the 1:1,000,000 scale imagery; and
thﬁs, they do not realize there is significantly more information available
through proéerly using CCT data. |

We'célculéted our current costs forrproducing camera-ready, full-
color classified vegetation maps from NASA CCT (Table 18). These cdsté
" do not include: (1) ground truth, (2) NASA CCT ($160/ERTS-1 scene), and
(3) printing costs (which should be recoverable in salés of the maps).
Nevertheless, the current costs per square mile were estimated to be less
~ than $2/miz. In 1973 the cost estimate for a forest inventory of the Tanana
River area in Alaska was $19.87/m12. Air photos (1:15,840 scale) cost about

2 2/
$3.37/m1i” = . The costs of aerial photography, plus ground control and

2

uncontrolled mosaics in at least one instance exceeded $1,000/mi“ in the

Prudhoe Bay area of the Arctic. Such aircraft data had substantially more

2/

</ private communication from Keith Hutchison USFS, Juneau, in possession
of the senior author.
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Jresﬁ;ution than EﬁTS—l dafa and'thus usefulness fprlotherrtﬁaﬁ vegetation
inventories. However, for végetative'mapping the additionﬁl fésolution_éﬁd
added information is probably unnecessary for usual management—scaie maps |
' (1:24,000 - 1:250,000). |

We also calculated current costs for producing false-color digital
prinﬁs from three of the foﬁr MSS bands (4, 5, and 7) (Table 19). Examples
of these produ;ts appearing in this report show the apparent value of such‘
data. For cultural, tapographic and_geological features these products arer
probgbly superior to the color-coded thematic maps. Total costs were esti-
mated at $0.58 - $0.61/m12. These costs de not include: (1) price of the
CCT data ($160/ERTS—-1 scene) an& (2) printing coéts for publication {(which
should be fecoverable in salé of the imagery). Thus, if both classified -
and false-color products are produced for a given area, the cost would range
between $2.20 and $2.60/m12. That estimate is higher than, but comparable

with previous cost estimates by MecKendrick (1973).
RECOMMENDATIONS

One of the greatest deficiencies we found with this project was in the

data handling systém. (Sée Suggested Improvements in the Signature Refine-
ment sec;ibn of tﬁis report.) The data fqr one ERTS~1 scene are collected-
during.a 28-second period yét it may take nearly half a year'for the pro-
cessed data to veach the hands of users. Crea (1974) indicated ERTS-1
investigators reported waiting periods of 6 weeks to receive black and

white imagery and then an additional 6-8 week wait for color composite and
CCT data. Those estimates axe accurate according to our experience;r Com-
bining the Universifty of Alaska's data handling system, a well respected

system according to Dragg (1972}, and processing time requirement with thél

12-14 week data delivery time adds up to at least 6 months from the time

data are acquired before they become useable to the public.
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We.rec;mmend that one significant improvement for fhe Alaskan system
would ge in acquiring equipment to produce full‘cclﬁrlﬁard copies of pro-
cessed CCT data. Without Such.products the informationlderived on.vege-
tation is qseless to land managers. |

For us, a data processing facility in southcenfral Alaska would be a
significant improvement., That may also benefit others in Alaska because
thelmajority of users are based in that.region. Furthermore, land-use )
and planning-curriculum students in the Univépsity of Al;ska, Anchorage
and'Aléska Me#hodist-University éould become acquainted with-this technolpgy,
an advantage they now do not have.

Apparently, investigators‘across the nation ére going to have to
také a more activé part in promoting the use of ERTS by local users. We
héve foﬁnd that some potential users in Aiaska have been reluctﬁnt to apply
ERTS-1 data to solving iand use and'veéetation resource inventory problems.
This was most prevalent among local governments and was partially due to
the lack of land management oriented personnel on those_agencies‘ staffs,
Personé haviné agricultural, forestry, rangé manageﬁent and wildlife manage-
ment training are usually more skilled at reéogniziug thé value of land

resource data than are persons with social and pelitical science training,
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NATIONAL
INTEREST

PORnJ;ONs\

22 %

CONTROL

" ADMINISTRATIVE | ACRES

(MILLION)
STATE 105
 PRIVATE 7
NATIVE
CORPORATIONS 40
NATIONAL
INTEREST 83
FEOERAL 140
TOTAL
ALASKA 375

statute miles

ALASKA LAND STATUS

FIGURE 2. The relative land hoidings by the majbr owners

of Alaska's territory.

Over 50%

of Alaskan lands are in the
process of being withdrawn by provisions set forth in the 1969

Statehood Act and the Alaska Native Land Claims Settlement Act
of 1971.



FICURE 3. A reduction from 1:40,000 scale color infrared (CIR) ground
truth (left) and a geometrically-uncorrected CDU display of classified MSS

CCT data from the same locality (scene
blue-green in the CIR image correspond
respectively. Red, yellow-green, cyan
pond with deciduous, spruce, water and
trations "A" points tc an unnamed lake

1049-20505) , Houston, Alaska. Red and
with deciduous and coniferous types
and black in the CDU display corres-
unclassified picels. In both Illus-
north of Houston; "B" points to a

16 acre stand of birch, correctly classified from ERTS-1 digital data.
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(4a) (4b)

FIGURE 4. Four views of about 5 square miles through the Zoom Transfer
Scope (ZTS). Figure 4a is CIR ground truth aircraft data near Homer, Alaska.
The red and pink colors correspond with the alder-grass type; the black cor-
responds with coniferous forest. 4b is a computer listing of reflectance in-
tensities grouped by 10's for picels in MSS band 7 for the same area as the

ground truth.
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(4c)

(4d)

FIGURE 4 (Cont.) 4c is the 10's listing superimposed on ground truth,

and in 44 two 50~-picel training sets are delineated on th
(ERTS-1 scene 1390-20452).

e intensity listing.
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FIGURE 5 DATA FLOW CHART FOR INSTI?UTE OF AGRICULTURAL SCIENCES ERIS—] PROJECT

i

Data acquisition
{ERIS-I satellite)

telemgtry)

~ |Ground Station (Gilmore|
—1Creek, Alaska)(US Mail)

Goddard Space Flight Center |

Request digital
data by IAS through
U of A ERTS Library
(US Mail 2 days to
" 13 weeks)

Quick look processing

(US Mail)

(Palmer, Alaska 1 day
to 1 week){US Mail 2
days to 3 weeks)

Request digital
data by U of A

ERTS Coordinator

Digital received by U

U of A ERTS Library (Fair-
banks, Alaska)(US Mail 2
days to 3 weeks)

of A ERTS  library (US
Mail 2 days to 3 weeks)

(US Mail ? days)

IAS learns of CCT's
arrival :

.| days {Palmer,

Signatures are
extracted and

refined, 7 to 10

Alaska) (US Mail
2 days to 3 weeks)

]

Geophysical Institute
processes CCT tape as
per request (Fairbanks,
Alaska)(US Mail 2 days
to 3 weeks)

IAS requests printer-plot
listings of MSS data for
selected 512 x 512 area
(Palmer, Alaska)(US-Mail

2 days to 3 weeks)Geophysical

Institute, Fairbanks, Alaska

Classified tapes and Dicomed compatiljle tapes
grepared (Fairbanks, Alaska)(US Mail ?

are
days

|} Dicomed Corporation exposes
~film on their D-47 printer -

(Minneapolis, Minnesota)
(2 days to 6 weeks){US
Mail 3 days to 1 week)

Products approved and validated (Palmer, Alaska)

|

{US Mail 3 to 5 days)

Color film processing lab
(3 days)

Delivered in person via automobile to
printer (Anchorage, Alaska)

Color Laboratory (Los Anaeles

Printer sends products

for color separation processing (US

Mail ? days)

to laboratory

Unknown US laboratory (US Mail ? days)

California)(US Mail 3 days to
2 weeks)

IAS investigators use for
reports, etc.

Printer(Anchorage, Alaska) final product printed and
available for distribution {2 to 4 weeks) :
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FIGURE 6. A color-coded geometrically corrected vegeta-
tion map (for about 500 square miles) produced from computer
classified MSS CCT data (ERTS-1 scene 1390-20452) for the Homer,

Alaska area. Yellow = alder/grass; green (confused with black in
reproduction) = conlfcrous ilorest; purple = wetlands; blue =
water; brown = rock and bare ground; black = unclassified picels.

(Note the boat harbor at the Fip of the Homer Spit--compare with
Figure 9.) (Image produced via the Dicomed D-47 digital printer.)
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(7a)

(7b)
FIGURE 7.

Three (5 square miles) views through the ZTS.
classified MSS data from CCT for scene 1390-20452 superimposed onto CIR
ground truth (7a).

Computer
CIR ground truth (aircraft data) alone (7b).
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FIGURE 7 (Cont.) Classified computer print-out

data (7c).

Compare with Figure 4.

of

._'[b_
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FIGURE 8. A geome
of ERTS-1 digital data,
area. This is approxim
with that shown in Figu
digital printer.)

il

trically-corrected false-color display
MSS bands 4, 5 and 7, for the Homer, Alaska

ately a 500 square mile area
re €. (Image produced via t

and is comparable
he Dicomed D-47
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1 . FIGURE 9. An oblique aerial view of the tip
of the Homer Spit. See also the ERTS-1 imagery
Figure 6 and Figure 8.
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‘ FIGURE 10. Photo reductions of 1:250K scale maps of the
Matanuska Valley. : : . :

-KEY TO VEGETATION TYPES

1. Barren - . 5. Shrubs -
{(a} Gravel Bars , (a) Tall Willow

(b} Burns ~ (b) Tall Alder
{(c) Rock : - {e) Low Willow
: : ' : (&) Low Alder
2. Deciduous Forest _ 76. Tundra ' :
(a) Birch - (a) Wet Tundra

(b} Aspen - {b) Dry Tundra
" {c} Cottonwood _ i

Coniferous Forest 7. Wetlands
{(a) Black Spruce : {Muskeg & Bog)
(b) White Spruce _ ‘

{c) Sitka Spruce.
{d) Western Hemlock

4. Grass



FIGURE 10a.
types from ERTS-1

il

A visual interpretation of vegetation
MSS bands 5 & 7, scene 1390-20450.
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FIGURE 10b. Spetzman's vegetation map as inter-
preted by the Land Use Planning- Commission.
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FIGURE 10c. Aircraft ground truth manually

interpreted.
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TRUTH' VEGETATION TYPES
MAPPED FRON 1972 WASA AERMIAL PHOTORRAPWY .-
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FIGURE 11. Photo reductions of vegetation maps (1:63,360 scale) prepared by
manually transferring computer-classified CCT data, ERTS scene 1049-20505, from a
35 mm photograph of a CDU display onto a base map via the 2ZTS (left). Visually inter-
preted ground truth from CIR aircraft imagery also manually transferred to the same
1:63,360 scale base map via the ZTS (right). :
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FIGURE 12.

the ZTS.

(12a)

Black and white ERTS-1 9.5 inch transparency

area on USGS 1:250,000 base map (12b) =

(12b)

Four views of a 530 square mile portion of the Matanuska Valley through

band 7 (1390-20450) (12a). Same

.-6?—
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(124)

(12¢)

USGS base map and ERTS imagery superimposed (1l2c). Visual inter-

FIGURE 12 (Cont.)
ERTS-1 imagery superimposed onto USGS base map (12d).

pretation of vegetation types from
See Figure 10 for vegetative legend.
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FIGURE 13. A geometrically-uncorrected computer
classified vegetation map from ERTS-1 MSS CCT data.
This 500 square mile area is in the Matanuska Valley
and is identical to that shown in Figure 14. (ERTS-1
scene 1390-20450.) Colors and their corresponding
vegetation types are: black = unclassified; blue =
water, yellow = tundra and grass; pink = alder (and
sometimes grain fields); dull red = scrubby Spruce;
green (confused with black in reproduction) = commer=
cial spruce; cyan = mixed forest; bright red - deciduous
forest; brown = bare ground and rock; purple = wetlands.
(Image produced via the Dicomed D-47 digital printer.)
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FIGURE 14. A geometrically uncorrected false-
color image of ERTS-1 digital data, MSS pands 4, 5
and 7 for about a 500 square mile area of the Matanuska
valley, Alaska (ERTS-1 scene 1390-20450) . Colors cor-
respond closely to those of color infrared aerial photo-
graphs. Cyan = silty water or bare ground; black =
clear water or shadows; light yellow = sparse vegetation,
fields or tundra; pink = grasslands; dark blue = spruce;
dark red = deciduous forest. (Image produced via the

Dicomed D-47 digital printer.)
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. ' FIGURE 15. A part of an ERTS-1 scene presented
in false color. This product was produced photo-
graphically by the Geophysical Institute, University

. of Alaska. It was enlarged from imagery of scene

1390-20450 and is of the same area shown in Figure 14.
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. A geometrically-corrected false-color
TS-1 digital “uba of the Eagle River-

FIGURE 16
nT

print from E 1
Anchcrage, Alaska vicinity from MSS bands 4, 5 «nd 7
(ERTS-1 scene 1359-20450) 17 August 1973. (Image pro-
duced via the Dicomed D-47 digital printer.)

O -



FIGURE 17. An uncorrected false-color image of
ERTS-1 digital data from MSS bands 4, 5 and 7. It
shows a portion of the Matanuska Valley, Alaska. Note
this is 1972 CCT data (ERTS-1 scene 1049-20505). Com-
pare it to that shown in Figure 14. (Image produced
via the Dicomed D-47 digital printer.)
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FIGURE 18. 1:18,800 scale computer printer-plot map (ERTS-1

scene 1390-20450) of the Matanuska Valley, Alaska with vertical
and horizontal scales corrected. This symbol-coded vegetation
map is the same classification as shown in Figure 13. Vertical
and horizontal distances across this map are 85 and 6l inches,
respectively. Water boundaries have been manually delincated
on this display to orient the reader's attention to those fea-
tures.
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FIGUERE 19. A qeometrically-corrected.false—color
image for abgut a 500 square mile area in the Susitna
valley, &2 :57a produced from MSS CCT data bands 4, 5
and 7 (ERT&-l scene 1033-11020.) A portion of the
Anchorage-iairbanks highway shows as a cyan-colored line
in the extivie upper right corner. (Image produced via

the Dicomcd D=-47 digital printer.)




FIGURE 20. A geometrically-corrected color-coded
vegetation map from MSS CCT data of the identical area

shown in iigure 19 for the Susitna Valley,
seence 1033-21020). Color codes are: black = unclassi

-1 -

blue = water; red = birch; cyan = mixed forest;
grass «4nd/or aider; violet = scrubby spruce; purple
wetlands, {Image produced via the Dicomed D-47 digital

printer.)
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_ FIGURE 21. A celor-coded, geometrically-uncor=
rected vegetation map of the Bonanza Creek area near
Fairbanks, Alaska. This 500 square mile area was
mapped from MSS CCT data ERTS-1 scene 1033-21011
(25 August 1972). Black = unclassified; yellow =
cottonwood and/or deciduous; red = birch and/or aspen;
cyan = mixed forest including scrub; violet = wetlands;
pink = tall shrub; blue = water which was sometimes
confused with spruce; green = commercial spruce. {"Box"
includss area shown in Figure 23.) (Image produced via

the Diccmed D-47 digital printer.)




FIGURE 22. 1:40,000
mantal Forest area (left)
printed ror the same area
raductions is a sectional
data was printed originally at a scale of 1:18,800.

¥ "?'"q =
. l':“ VEGETATION TYPES FROM ERTS DIGITAL DATA SCENE i03)-DBON

BONANZA CREEK
EXPERIMENTAL FOREST

B«

B comercal seauce ey or AaAsad
WETITUTE OF AssTelwmm B

B resccess sod PR

B o e SEALE Feme

CIR aircraft data "ground truth" of the Bonanza Creek Experi-
compared with ERTS classified digital data (scene 1033-21011)

on the IBM-360/40 computer (right).

Included with these photo

grid with each block representing 1 square mile. The ERTS
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(23a) (23b)

FIGURE 23. A portion (same area as "box", Figure 21) of an aspect-ratio corrected clas-
sified computer printer-plot map (MSS CCT data, scene 1033-21011, 25 August 1972) (23a) and the
same area mapped manually by the Alaska Division of Lands (23b) from /: /5840 scale air photos
(obtained in 1962) for the Sam Charley Island region of the Tanana River, southwest of Fairbanks,
Alaska. Notice that the / and $ in the ERTS-1 data correspond respectively to WS (white spruce)
and CW (cottonwood) in the conventional timber inventory map. + = silty water; -- = mixed forest;

1 = tall shrub; M = wetland; 0 = clear water and sometimes spruce.



(23c)

FIGURE 23 (Cont.). Ground truth (23c) for Sam Charley
Island taken from 1:40,000 color photography acquired dur-
ing the summer of 1972. Notice the shape of the islands and
river in the ERTS digital data more closely resembles that of
the recent aerial ground truth data than it does the vege-
tation map drawn from 1962 aerial photography.

._Z()..
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FIGURE 24. A geometrically—corrécted false-

color image for a 500 sguare mile area
Bonanza Creek area southwest of Fairba
produced from MSS CCT data bands 4, 5

in the
nks, Alaska
and 7 (ERTS-1

scene 1033-21011, 25 August 1972.) This area is

* jdentical to that shown in Figure 21l.

(Image pro-

duced via the Dicomed D-47 digital printer.)
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FIGURE 25. An oblique aerial view of the upper
Susitna Valley, Alaska looking toward Mt. McKinley
and the Alaska Range (25 August 1972).
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FIGURE 26. An oblique aerial view from south

of Healy toward Nenana,
Alaska Range (25 August

Alaska just north of the
1972) .
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TABLE 1 . . Variance, coefficient of variation, mean, mode, range and ade-
' quate training set size (Huntsburger, 1961) for ERTS-1 digital -

—.. data picels (scene 1033-21011, 25 August 1972)., Data are from = - -
six vegetation types and two water classes, '

MSS BANDS _

-

PARAMETERS 4 ' 5 6 7

(Cottonwood, 50 picels sampléd)"_

Variance g .690 - .61l 1.957 .972

Coefficient of variation 4.36 6.47 7.64 6.29
Mean intensity 15.8 9.4 25.6 15.4
Modal intensity 16 -10 ' 26,28 16
Intensity range 14-17 8-10 22~29 13-17 .
Adequate training set size 4 3 26 o 7

(d = 2,{= .01)

(Deciduous forest - birch/aspen, 300 picels sampled)

Variance .B49 .816 3.72 1.43
Coefficient of variation 1.76 8.96 10.87 ~  6.48 -
Mean intensity 16.13 9.11 34.25 22,07
Modal intensity 16 9 35 7 22
Intensity range 14-18 _ 7-11 T 30-49 18-27

Adequate training set size 5 5 ‘ 92 - 14
{d = 2= .01) .

(Tall shrub, 100 picels sampled)

Variance - 0.720 0.763 1.912 1.369
Coefficient of variation 4,19 6.77 6.25 7.49
Mean intensity 17.23 11.27 30.59 18.27
Modal intensity 17 11 36 18 -
Intensity range 16-19 10-13 27=-37 16-22
Adequate training set size 4 4 25 13

(d =200=.01)

(Muskeg or treeless bog, 275 picels) -

Variance 2.42 - - 1.071 2,299 1.282
Coefficient of variation 12.97 8.89 8.61 8.65
Mean intensity 18.67 12.04 26.69 14.82
Modal intensity . 17,18 12 28 15
Intensity range 15-19 9-13 . 20-31 11-18

Adequate training set size 39 8 35 ' 11
(d = 2,cC= .01} ‘ . ' :
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TABLE 1 .
- MSS BANDS
PARAMETERS 4 5 6 7
(Mixed forest, birch~spruce, 300 picels)
Variance . - 3,267 1.065 3.26 2.279
Coefficient of variation 20.22 -10.87 15.78 20.158
Mean intensity 16.16 . 9.8 20,65 11.31
Modal intensity 17 - .10 19 10
Intensity range 14-18 7-12 14-30 7-19
Adequate training set size 71 8 71 35
(4 = 2,X= .01 '
(Commercial spruce, 100 picels)
Variance - .907 977 2,530 1.700
Coefficient of variation 6.11 11,79 _ 18.89 24,95 °
Mean intensity 14,84 8.29 13.40 6.82
Modal intenslity 15 8 - 12 6,7
Intensity range 13-17 6-10 10-26 - 4=15
Adequate training set size 3 7 43 20
{d = 2,a(= .01)
| (Silty water, 50 picels)
Variance .976 1,492 . 888 .670
Coefficient of variation 3.23 5.28 3,89 10.46
Mean intensity 30.16 - 28.24 22.84 6.40
Modal intensity 30 29 23 6
Intensity range 28-32 25~31 21-25 5-8
Adequate training set size 7 15 6. 3
{d = 2,¢<= ,01) '
(Clear water, 15 picelS)

Variance 704 1.060 2.052 1,309
Coefficient of variation 4,77 ©13.03 19,98 32.72
Mean intensity 14.73 8.13 10.27 4.0
Modal intensity 14,15 9 10,11 4,5
Intensity range l4-16 , 8.13 7-14 2-7
Adequate training set size 4 8 . 28 12

(d = 2,9C= .01)
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TABLE 2 . Frequency percentages of intensities in sampled picels in MSS
o digital data of three alder test sets and two deciduous forest
test sets near Tustumena Lake, Alaska (scene 1390-20452,
17 August 1973). _ '

TEST SETS

INTENSITY ) : )
LEVELS Alder 1 Alder 2 Alder .3 Deciduous 1 Peciduous 2
BAND 4
23 ' - 2.0 14.0 4.0 -
S 24 - 9.4 10,0 32.0 36.0 52
25 : 52.2 60.0 40,0 34,0 48
26 15.6 10.0 12,0 20.0 -
27 18.7 16.0 2.0 6.0 -
28 e~ 2.0 - —— -
'BAND 5
14 - — 4.0 4.0 12
15 9.4 4,0 36.0 44.0 72
16 78.1 46.0 46.0 48.0 16
17 6.2 22.0 12,0 4.0 -
18 6.2 26.0 2.0 - -
19 - 2.0 - —_— -
BAND 6
22 3.0 - : - — : ——
23 —— - - o C -
24 L - - .- — —
25 - - - ——— : -
26 o — - - -
27 - - - - -
28 - - - - -
29 —~— - - - -
30 - - S == . - ' -
3 - e ‘ — - -—
kY 3.0 - ' - - -
33 -— ~— ‘ - - C -
34 3.0 - - - —_
a5 - - 8.0 - -
36 - - - - -
37 ‘ 12.1. 6.0 8.0 - 4
38 9.1 - 12,0 2.0 -
39 36.4 2.0 5.0 2.0 4
40 12.1 . 6.0 22.0 14.3 8
41 12.1 12.0 10.0 6.1 16
42 3.0 12.0 10.0 14.3 24
43 6.1 10.0 6.0 18.4 20
FAA —— 10.0 4.0 4,1 16
45 —— 20.0 2.0 - 16.3 8
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TABLE 2 . (Cont.)

TEST SETS

INTENSITY ' _ -
LEVELS Alder 1 Alder 2 Alder 3 Deciduous 1 Deciduous 2
BAND 6 (Cont.)
46 - 0 16.0 - 8,2 -
47 - . 6.0 - . 4,1 e
48 - - - 8.2 - -
49 - ~— - 2.0 -
BAND 7

19 - - 4.8 - -
20 15.6 — 21.4 - 3
21 31,2 2.0 33.3 - 4
22 34.4 10.0 16.7 4.0 -
23 18.7 8.0 9.5 8.0 8
24 == 26.0 - 9.5 24.0 16
25 ‘ - 32.0 2.4 -10.0 40
26 - 14.0 2.4 20.0 20
27 - 4.0 —— 14.0 - 8
28 - 4.0 — 16.0 -
29 - - - 4.0 -
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TABLE 3 . Listing of 59 potential users of ERTS data for resource management

~.and development in Alaska,

‘ USER LOCATION
LOCAL
Bristol Bay Borough Naknek
Fairbanks North Star Borough Fairbanks
Greater Anchorage Borough Anchorage
Haines Borough Haines
The City and Borough of Juneau Juneau
Kenai Peninsula Borough Soldotna
Ketchikan Gateway Borough Ketchikan
The City and Borough of Sitka - Sitka
Matanuska Susitna Borough Palmer
North Slope Borough Barrow
STATE
Office of the Governor-Division of Planning Research Juneau
Department of Comnunity and Regional Offices
Division of Rural Development Assistance Anchorage
Department of Economic Development Juneau
Department of Envirommental Conservation Juneau
Office of Research & Academie Coordination Fairbanks
Department of Fish and Game : State~wide
Department of Highways State-wide (except Arctlc)
Department of Natural Resources - Juneau
Division of Agriculture ’ Palmer
Pivision of Geological & Geophysical Surveys Anchorage
Division of Lands Anchorage
Minerals & Forestry Section Anchorage
Water Resources Section Anchorage
Division of Parks Anchorage
University of Alaska
Geophysical Institute Falrbanks

Institute of Agricultural Sciences
Cooperative Extension Services

FEDERAL

Environmental Protection Agency
Alaska Operation Office
Federal-State Land Use Planning Commission
United States Department of Agriculture
Agricultural Research Service
Agricultural Stabilization and Conservation
Service
Soil Conservation Service
U.§. Forest Service
Institute of Northern Forestry

Fairbanks & Palmer
Fairbanks (state~wide)

| Anchoragé

Anchorage
Palmer

Anchorage
Anchorage
Juneau (and southcentral)
Fairbanks
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USER

LOCATION

FEDERAL

Pacific Northwest Forest & Range
Station .
United States Department of Commerce
U.S. Weather Service
National Marine Fisheries Service
United States Environmental Protection

(Cont.)

Experiment

Agency

Arctic Environmental Protection Agency

United States Department of the Interi
Alaskan Power Administration
Bureau of Indian Affairs
Bureau of Land Management
Bureau of Sport Fisheries & Wildl
Geological Survey
Naticnal Park Service

Alaska Federation of Natives, Inc.
Regional Native Alaskan Corporations
Ahtna Incorporated
Aleut Corporation
Arctic Slope Regional Corporation
Bering Straits Native Corporation
Bristol Bay Native (orporations,
Calista Corporation
Chugach Natives, Inc.
Cook Inlet Region, Inc.
Doyon Limited
Koniag, Inc.
Nana Regional Corporation
Sealaska Corporation

or

ife

ERS

OTH

Inc.

Portland, Oregon.

Anchorage
Anchorage
Juneau

Fairbanks

~ Juneau

Juneau
Anchorage
Anchorage

. Washington, D.C.
‘Anchorage ‘

Anchorage

. Copper Center

Anchorage
Barrow
Nome
Dillingham

"Anchorage

Anchorage
Anchorage
Fairbanks
Kodiak
Kotzebue
Juneau




-72—

TABLE 4 . MSS signatufes for six identifiable features in the ERTS~-1 CCT

data in the Homer vicinity of the Kenai Peninsula, Alaska
(scene 1390-20452, 17 August 1973).

FEATURE

INTENSITY RANGES IN REFINED

SIGNATURES FOR FOUR BANDS

4 5 6 7
Clear water 21-25 11;16 10-19 2-7
Silty Qater
(Kachemak Bay) 20-26 10-14 6-9 0-3
Bare ground 25-32 18~26 14-25 4-11
Coniferous forest 20-26 13-15 20-28 10-17
Wetlands 23-34 16-31 23-39 13-29
Grass, alder and
deciduous forest 21-28 40-60

13-20

12-34
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TABLE 5 . MSS signatures for eight identifiable features in the ERTS-1

CCT data near Tustumena Lake, Alaska (scene 1390-20452,

17 August 1973).

FEATURE

INTENSITY RANGES IN REFINED STGNATURES
FOR FOUR MSS BANDS

4 5 6 7
Glacier 81-98 72-87 55-67 15-19
Clear water 20-29 12-19 11-23 3-9
Silty water (lake) 32-45 24-35 17-25 3-9
Alder & deciduous forest 23-28 14-16 34-49 19-29
Coniferous forest 23-28 13-19 20-27  10-17
Wetlands 24-29 17-21 28-36 12-22
Grass 23-28 17-21 " 37-54 18-30
Bare ground & rock 26-35 22-29 21-36

10-20
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TABLE 6. Classification accuracies by MSS bands and overall as calculated
from training set samples after sipgnature refinement for six
_ .. features distinguished in CCT data in the Homer, Alaska vicinity
(scene 1390-20452, 17 August 1973). ' '

CLASSIFICATION ACCURACY PERCENTAGES OVERALL'
' MSS BANDS ACCURACIES
FEATURE 4 5 6 7 Max. Min.
Cléar water 100 100 100 100 100 100
Silty water 100 100 100 100 100 100
Bare ground 100 100 - 100 100 100 100
Coniferous forest 100 9Q" iOD 100 | 94 ‘94,
Wetlands - 100 96 87 99 ." 87‘_ 33-

Grass, alder and - '
~deciduous forest 100 100 89 100 89 89
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TABLE 7. Classification accuracies by MSS bands and overall as calculated
from training set samples after signature refinement for eight
features distinguished in CCT data in the Tustumena Lake, Alaska
vicinity (scene 1390-20452, 17 August 1973).

CLASSTIFICATION ACCURACY PERCENTAGES CALCULATED

MSS BANDS3 OVERALL

FEATURE 4 5 6 7 Max. Min.
Clacier 100 100 100 - 100 100 100
Ciear water 100 ‘100 100 100 100 100
silty vater 100 100 100 100 100 100
Alder-deciduous forest 100 82 - 100 100 82 82
Coniferous forest 100 100 84 98 84 . 82
Wetlands 100 79 718 100 78 62
Grass - 100 77 94 100 7 72

Bare ground . 100 - 91 100 100 91 91
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3

MSS signatures for seven identifiable features in the ERTS-1

TABLE 8 . _ _
CCT data in the lower Kenai Peninsula vicinity (Alaska). These
signatures were refined and combined from test sets taken from
the Homer and Tustumena Lake localities,
INTENSITY RANGES IN REFINED
SIGNATURES FOR MSS BANDS
FEATURE 4 5 6 7
Clear water 20~29 11-17 10-23 2-8
S1lty water
Bay 20-26 16-14 6~9 0-3
Lake 33~45 24-35 1725 . 3-9
Bare ground 25-32 18-29 14-36 4-14
Coniferous forest 20-28 3-17 20-31 9-14
Wetlands 23-34 14-31 -23-38 15-29
Giass, alder &
deciduous forest 21-28 39-60 12-34

13-21
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TABLE 9 . C(Classification accuracies by MSS bands and overall as calculated
from refined and combined signatures derived for seven features
at two test areas on the lower Kenal Peninsula, Alaska (scene
1390-20452, 17 August 1973).

CLASSIFICATION ACCURACY OVERALL
RO. OF PERCENTAGE ACCURACY
PICELS :
- FEATURE SAMPLED 4 5 b /7 . Max. Min.
Clear water 80 100 95 100 99 95 94
Silty water _
Bay , 150 100 100 - 100 100 100 100
Lake 150 91 100 - 100 100 100 91
Bare ground 155 94 100 100 83 83 78
Coniferous forest 225 100 96 100 88 88 84

‘Wetlands 115 100 100 84 92 84 77

Grass, alder and . - -
deciduous forest 556 100 100 86 100 86 - 86
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TABLE 10. MSS signatures for 13 features identifiable in ERTS-1 CCT data
from the Matanuska Valley, Alaska (scene 1390-20450, 17 August

Grass

1973).
INTENSTTY RANGES TN REFINED SIGNATURES
" FOR FOUR MSS BANDS
FEATURE 4 5 6 7
Clear water 16-22 8-12 5-16 0-9
Silty water 26-38 16-33 13-27 4-10
Alpine tundra 20~29 17-22 457 21-37
‘Alder & grain fields 20-25 12-16 44-65 26-40
Scrubby spruce 19-23 “11-14 19-28 11-22
Commercial spruce 17-25 12-26 . 17-23 B-10
Mixed forest 19-25 10-14 29-34 15-17
Deciduous forest 18-25 10-14 29-43 18-25
Bare ground 36~42 27-36 28-32 10-14
Rock | , ‘
North slope 17-25 13-31 8-20 2-7
South slope 25~34 22-30 22-34 11-16
Wetlands 19-25 15-21 26-34 10-21
21-28 15-27 35-43 14-25




TABLE 11. Classification accuracies by MSS bands and for all bands:
as calculated from training set samples after signature
refinement for 13 features distinguished in CCT data from

-79-

the Matanuska Valley, Alaska (scenme 1390-20450, 17 August

1973). ‘
CLASSIFICATION ACCURACY PERCENTAGES OVERALL
MSS BANDS ACCURACY
FEATURE 4 5 6 7 Max. __ Min,
Clear water 100 98 98 100 98 96
Silty water 95 100 99 99 95 93.
Tundra 100 94 84 100 84 79
Alder & grain fields 99 88 ‘93 88 88 71
Scrubby spruce 100 89 86 96 86 73
Commercial'sﬁruce 100 100 2% 92 92 88
Mixed forest 100 96 95 79 79 72
Deciduous forest 100 90 . 96 . 74 74 64
Bare ground | 96 100 100. 100 96 H96
Rock : |
‘North slope 20 82 92 88 82 60
.South slope 100 100 100 100 100 100
Wetlands 100 88 87 100 87 77
Grass 100 91 80 100 80. 73
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TABLE 12, MSS signatures for eight features identifiable in ERTS-1 CCT
data from the Susitna Valley, Alaska {scene 1033-21020,
25 August 1972). '

INTENSITY RANGES IN REFINED SIGNATURES
FOR FOUR MSS BANDS -

FEATURE | 4 5 6 7
Clear water 11-16 512 3-22 | 0-6
Silty water 20-25 11-19 13-21 4-9
Wetlands 14-19 10-14 15-34 9-27
Scrubby spruce 14-16 8-9 13~23 :‘ 7-11
Birch (deciduous) 14-18 6-9 24-32 12-20
Mixed forest 13-16 6-9 19-23  12-14
Alder and/or grass 16-20 8-13 35-57 16-28

Tundra . 17-22 10-14 41-56 29-36
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TABLE 13. Classification accuracies by MSS bands and for all bands as
: calculated from training set samples after signature refinement
for eight features distinguishable in CCT data from the Susitna
Valley, Alaska (scene 1033-21020, 25 August 1972).

CLASSIFICATION ACCURACY PERCENTAGES - OVERALL

MSS BANDS 7 ACCURACY

FEATURE 4 5 6 7 "Max, Min,
Clear water 100 100 100 - 80 . 80 80
Silty water 96 100 100 100 9% 9
Wetlands 100 87 81 100 81 70
Scrubby spruce 100 92 100 100 92 92
Birch (deciduous) 100 94 74 100 74 70
Mixed forest 100 100 ._ 96 100 96 96
Alder and/or grass 100 100 82 93 82 76

Tundra 100 100 100 83 83 . 83
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TABLE 14, MSS signatures for eight features identifiable in ERTS-1 CCT
data for the Bonanza Creek Forest vicinity near Fairbanks,

Alaska (scene 1033-21011, 25 August 1972).

"INTENSITY RANGES IN REFINED SIGNATURES

FOR FOUR MSS BANDS

Cottonwood

FEATURE 4 5 6 7

Clear water 14-16 6-9 - 7-14 0-5
Silty water 28-32 25-31 21-25 5-8
Cémmercial white spruce 13-17 6-10 11-15 6-15
Mixed forest & scrub 14-18 7~12 16-23 9-14
Treeless bog {wetlands) 15-21 '11~15 24-31 11-16

- Tall shrub 16-19 11-13 27-37 17-22
Deciduous (birch & aspen) lhf18 7-10 30-40 18-27
14-17 8-10 22-29 15-17
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TABLE 15. Classification accuracies by M8S bands and for all bands as
caleulated from training set samples after signature refine-
ment for eight features distinguishable in CCT data from the
Bonanza Creek vicinity, near Fairbanks, Alaska (scene 1033~
21011, 25 August 1972).

CLASSIFICATION ACCURACY PERCENTAGES OVERALL

MSS BANDS ACCURACY

FEATURE & 5 6 7 Max. _ Min.
Clear water 100 100 100 93 93 93
Silty water 100 100 100 100 100 100
Commercial white spruce 100 100 85 89 85 76
Mixed forest & scrub 100 100 82 80 80 66
Treeless bog (wetlands) 99 96 | 94 93 93 87
Tall shrub 100 84 100 93 84 78
Deciduous forest
(birch & aspen) 100 97 100 100 97 97
Cottonwood © 100 100 100 82 82 82
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TABLE 16. MSS classification accuracy percentages for similar features
‘ in scene 1033-21011 (Bonanza Creek area) and 1033-21020
(Susitna Valley area) using signatures derived from scene
1033-21011. Date of acquisition was 25 August 1972 for both

scenes.
OVERALL CLASSIFICATION ACCURACIES
1033-21020 | 1033-21011
Susitna Valley Bonanza Creek

. FEATURE _ Max. Min. Max. Min,
Clear water 14 4 93 93
Silty water , 0 0 100 | 100
Wetlands 44 1% 92 Y
Scrubby spruce 67 - 46 71 | 58_
Deciduous forest 8 | 1 ' 97 97
Average . ' 25 - C 11 .l 90 - 86

Averapge (excluding
silty water) 29 .13 : 88 ' 83
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TABLE 17. MSS classification accuracy percentages for similar features
in scene 1033-21020 (Susitna Valley area) and 1033-21011
(Bonanza Creek area) using signatures derived from scene 1033~
21020. Date of acquisition was 25 August 1972 for both scenes.

OVERALL CLASSIFICATION ACCURACIES

1033-21011

'1033-21020
Susitna Valley Bonanza Creek

FEATURE Max. Min. Max. Mig.
Clear water 80 80 923 93
Silty water 96 96. 0 0
Wetlands 81 70 100 100
Scrubby spruce 92 92 7 1
Deciduous forest 74 70 10 1
Alder % %0 3 _3
Average 86 83 36 .33‘

Average {(excluding
silty water) 84 . 80 43 40
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TABLE 18, Listing of costs for producing color-
coded, geometrically-corrected vegetation
' maps from ERTS-1 CCT data, given ground
truth and CCT data for a 512 x 512 picel

. area. (May 1974 prices)

Costlmi2

ITEM COST (3)
Preparing 512 x 512 from NASA CCT
(IBM 360/40) 15-30

‘Listing intensity data (IBM 360/40} 12

Signature extraction and réfinement
(Zoom Transfer Scope) 400-575
Classifying data (IBM 360/40) | .45;

" Colox coding files (IBM 360/40)i .45   ‘
Geometric correction (IBM 360/40) ‘45
Color printing (Dicomed D-47) 60
Folq: separation (contract) 100~

Total cost 722-912

1.58~1.99
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TABLE 19. Listing of costs for producing false-~
color, geometrically-corrected digital
prints from ERTS-1 CCT data for a 512 x

512 picel area, (May 1974 prices)

ITEM COST_($)
Preparing 512 x 512 frem NASA CCT
{IBM 360/40) ' 15-30
Color spreading 3 file (IBM 360/40) 45
Geometric correction (IBM 360/40) 45
Color printing {(Dicomed D-h?j. 60
Color separation (contract) - 100
Total cost 265-280
Cost/mi2 0.58—0.61
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APPENDIX A

Two photopoint series of grass. (A¢) and mixed forest (A,)
vegetation types acquired at monthly intervals near Palmer,
Alaska, during the April 1973 through March 1974 period. These
photos show the rapidity of change in phenological aspects of
Alaskan vegetation and the relative brevity of the growing
period. *'s mark the photos which were taken near to the times
when useable ERTS-1 imagery was also secured.

: The following table depicts the dominant vegetation shown
in the photographs of the grass type, Appendix A; and the mixed

forest type of Appendix Az.
(WERSTORY ' UNDERSTORY
Appendix A - Paper birch Grass: Bluejoint (Calamagrostis
Grass Type Betula papyrifera Marsh. - _ canadensis (Michx.) Beauv.
Forb: Fireweed (Epilobium
’ angustifolium L.
' ix Ay Paper birch Shrub: High bush cranberry
- i Forest type Betula papyrifera Marsh, _ Viburnum edule (Michx.)Raf.
White spruce . ‘mmuianxredtmnxant

Picea glauca (Moench)Voss Ribes triste Pall,
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APPENDIX B

A geometrically-corrected false-color image
for approximately 500 square miles in the Prudhoe
Bay area of Alaska. The road systems of the oil
field can be seen paralleling the Sagavanirktok

River on the right hand side of the image. Note
the lincament of the lakes which is 20° to the

ol el
(4 1

prevailing wind pattern. Produced £rom MS3 €CCT
data bands 4, 5 and 7 (scene 1326-21284). (Image
gencrated via the Dicomed D-47 digital printer.)





